Abstract: In order to analyze the salt transport affected by roots and its effects on soil salinity in an experimental irrigated field newly established in an alluvial valley of the Yellow River in China, spatial distribution of ions contained in waters, soils and crops relevant to these phenomena were evaluated there. During the intensive surveys conducted in year [2007][2008] in the groundwater. Although those were also major ions contained in the field soil, the soil was classed as saline but not sodic according to the standard classification. On the other hand, K + , which is one of the major essential nutrients for plant growth, was highly concentrated in the crops, while Na + was not concentrated because of crop's poor ability to absorb it. The ion concentration within the plant body seemed to be reflected by the active and selective ion uptake by roots and the transpiration stream. Furthermore, salt accumulation in the surface-irrigated field largely depended on the upward transport of water and ions in the soil profile affected by root absorption capacity. The information obtained in this study will contribute to the development of scientific methods for sustainable and effective plant production in irrigated fields.
Introduction
Soil salinization and alkalization are caused by the accumulation of soluble salts (ions) in the soil solum to a level that depresses plant production, and are serious problems in irrigated agriculture in semiarid and arid regions (Rengasamy 2006; Jafarzadeh 2007) . The salt accumulation in irrigated fields is affected by dynamics of water and ion transport through physical and physiological processes in the plant-environment system (Kitano et al. 2006) . Leaf transpiration and the associated uptake of water by roots is the most significant driving force for water transport in the root zone (Yasutake et al. 2007) , where ion transport largely depends on active and selective root absorption capacity characterized by pumps, channels, and transporters in root cell membranes (Taiz & Zeiger 2002) . Therefore, information about ion transport affected by roots is very important for sustainable and effective plant production in irrigated fields under saline conditions. Until recently, however, very little attention has been paid to the root absorption capacity in irrigated agriculture, because roots are underground and are therefore more difficult to analyze quantitatively.
An experimental field was newly established at Pingbu village in Jingyuan prefecture in the upper Yellow River valley in China to develop soil physical and biological methods for controlling salinity in surfaceirrigated fields within a normal range . In this paper, spatial distribution of ions relevant to their transport and the state of salinization and alkalization in and around the experimental field were measured, and the salts transport affected by roots and its effects on soil salinity were analyzed and discussed. Figure 1 shows a location of Pingbu village in Jingyuan prefecture and a ground plan of the experimental field in the upper Yellow River valley (N 36
Material and methods

Experimental field and cultivation conditions
• 25.5 , E 104 • 25.4 , 1461 m ASL). Average annual precipitation and air temperature observed in Pingbu from 1951-2000 were 238.3 mm and 8.9
• C, respectively ). The observation systems were installed in the field for measuring meteorological and hydrological elements, which were described in detail by Yoshikoshi et al. (2008) . Irrigation was applied from a canal with the water diverted from the Yellow River to the experimental field with an area of about one mu (Chinese unit of area, 667 m m high rises at about 500 m far from the field in a southeasterly direction, and crops are grown on this river terrace extending from the top of the mountain to the back mountainous area by applying the water pumped up from the Yellow River. Therefore, saline seeps occur at the foot and wall face of the mountain, and the saline seep water flows to a drain ditch next to the mountain that leads to the Yellow River. On the other hand, groundwater level in and around the experimental field is relatively shallow (about 50 cm in depth) during the growing period because the canal is filled with water in the period. The crop grown in and around the experimental field is mainly corn, and besides wheat, sesame and legume are grown by the mixed cultivation with corn. In 2008, the experimental field was randomly separated into 10 plots cropped with corn (Zea mays L.), sunflower (Helianthus annuus L.) and no plants (i.e. bare soil), as shown in Fig. 1(b) . Their seeds were sown at a row spacing of 0.73 ± 0.16 m and a plant interval along a row of 0.42 ± 0.14 m on 26-27 April, 2008.
Sampling water, soils and crops
Intensive surveys were practiced six times during year 2007-2008 for analyzing the spatial distribution of ion concentrations in waters, soils and crops in and around the experimental field. In the first survey on June 2007, the Yellow River water and irrigation canal water, in addition, crops (corn, wheat, sesame and legume) grown in and around the experimental field were sampled for measuring their ion concentration. In the second and third surveys on August and September 2007, the saline seep water and the groundwater in the field were sampled. On April and July in 2008, samples of root zone soil (20-25 cm in depth) were taken in the respective plots cropped with corn, sunflower and no plants in the field ( Fig. 1(b) ), and further the soils at four depths (0, 10, 20 and 40 cm) around P1 and sunflower plants grown were taken on July 2008.
Chemical analyses of water, soils and crops
The electrical conductivity (EC) at temperature 25
and NO − an ion chromatograph system (ICS-90, DIONEX Corporation, Japan), respectively. Furthermore, the sodium adsorption ratio (SAR) and the exchangeable sodium percentage (ESP), which are good indicators of sodicity, was calculated for the respective water sample from the measurements of ion concentrations :
(1)
where C is the ion concentration in mol m −3 , and subscripts of Na, Ca and Mg refer to sodium, calcium and magnesium, respectively.
Soil salinity and sodicity can be expressed on the basis of EC and SAR of the saturation extract of soil, which is obtained from a saturated soil-paste made by adding distilled water to a sample of soil while stirring with a spatula (US Salinity Laboratory Staff 1954). As an easily measurable and practical index of soil salinity, the EC of the extract of a saturated soil (ECSAT) was defined by using EC of the extract of a 1:x soil-water ratio (EC1:x) as follows ):
where ε is the porosity of the soil under actual field conditions, ρs is the density of soil particles and ρw is the density of water. ECSAT is estimated by extrapolation using a regression equation as EC1:x = x −n EC1:1 obtained from more than three EC values of dilution extract (EC1:x) for x = 1∼5. The parameter n is determined by experiment.
On the other hand, EC of solution is an indicator of the sum of concentrations of each ion present in solution. Therefore, the concentration of an ion M in the extract of a saturated soil ([M]SAT) can also be expressed by using the concentration of M of the dilution extract of a soil sample at 1:x soil-water ratio ([M]1:x) as In this study, dilution extracts of a soil sample at soilwater ratios of 1:1, 1:3 and 1:5 were obtained and their electrical conductivities and ion concentrations were measured by the EC meter and the ion chromatograph system. As an example, relationships of EC and Na + concentration with soil-water ratio x for the sample soils taken at the four depths (0, 10, 20 and 40 cm) around P1 are shown in Fig. 2 .
By using the relationships as Eq. (3) and (5) in the sampled crops of corn, wheat, sesame, legume and sunflower were measured following the standard procedures (Kitano et al. 2006) . After combustion, the ash from each sample was dissolved in dilute nitric (HNO3) acid to completely decompose organic matter, and the ion concentrations were then measured in the dissolved ash solution with the ion chromatograph. Concentrations of NO − 3 and PO
3− 4
cannot be measured by this procedure. and Cl − increased as water flowed down from the Yellow River to the canal and therefore EC was a little higher in the irrigation canal water than that in the Yellow River water. The saline seepage water had a very large amount of ions and EC was 52.2 dS m −1 , which is nearly equal to that of the seawater. The saline seep water with high EC value as well as the irrigation canal water may percolate into the water table in the study area. The groundwater in the field contained a large amount of ions Na + , Cl − and SO
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2− 4
and EC was 3.5 dS m −1 . The EC value and the concentration of ions, except for K + , of the groundwater were somewhat higher than those at an irrigated cornfield in Inner Mongolia, China, reported by Kitano et al. (2006) . Furthermore, all the water samples were weakly alkaline because the values of pH were about eight, but judged normal with respect to sodicity, except for the saline seep water, because their SAR values were within the low level range shown by Akae et al. (2004) .
On the basis of data shown in Fig. 2 experimental field during year [2007] [2008] . The ion concentrations in plant body (shoot and root, or whole) are considered to reflect the active and selective ion uptake by roots, and therefore had various values depending on types of ions and crops. K + concentration was found to be relatively high in the plant body, especially the shoot of all crops, because K + is the major essential nutrient element for plant growth (Taiz & Zeiger 2002) . This indicates that the crops can absorb much K + actively even under the extremely low concentration of groundwater in the experimental field (Table 1) , and transport it from the roots to the shoot. On the other hand, Na + , which is not the essential element for plant growth, was not highly concentrated in plant body, although a large amount of Na + existed in the root zone soil and groundwater. However, there was a little difference in Na + concentration in plant body among the crop species, where higher Na + concentration was found in sunflower but not in corn, wheat and legume. The other ions Ca
2+
and Cl − were also highly concentrated in sunflower. Quintero et al. (2007) reported that sunflower can absorb more Na + and accumulate it in the shoot under K + -starved conditions. Yasutake et al. (2009) examined the absorption of water and ions by corn and sunflower roots under saline conditions in hydroponic system, and observed that higher root water uptake due to leaf transpiration brings higher root absorption of these ions in sunflower compared with corn. Therefore, the results in Table 2 suggest that sunflower is more able to absorb not only the ions Na + , Ca 2+ and Cl − but also water for the transpiration stream, although the transpiration rate was not measured in this study. Figure 3 ] SAT were extremely higher than the others. On April when seeds were sown, no significant differences in concentrations of these major ions and the other cations (Ca 2+ , Mg
and K + ) were found among the bare soil, corn and sunflower plots, and hence EC SAT for the all plots took the almost same value as 4-5 dS m −1 . During April to July when crops grew actively, the ions of Na + , Ca 2+ , Cl − and SO
2− 4
derived from the salinized groundwater were increased in the corn and sunflower plots but not in the bare soil plot. Consequently, concentration of the all ions except for K + and NO − 3 , in addition, EC SAT were highest in the sunflower plot and lowest in the bare soil plot on July. Between the corn and sunflower plots, large differences in [ Kitano et al. (2009) . Kitano et al. (2009) reported that the higher evapotranspiration in the sunflower column brought the upward transport of more water and ions from the groundwater and thereafter only those ions were remained in the root zone soil. Therefore, the results in Figs 3 and Table 2 suggest that salt accumulation in the surface-irrigated field largely depends on the upward transport of water and ions in the soil profile (i.e. from the groundwater to the root zone soil) affected by root absorption capacity. The information in this study will contribute to developing soil physical and biological methods to control salinity and sodicity in surface-irrigated fields with a normal range for sustainable and effective plant production in semiarid and arid regions. The information obtained in this study will contribute to soil physical and biological methods to control salinity and sodicity in surface-irrigated fields within a normal range for sustainable and effective plant production in semiarid and arid regions.
